Abstract. The Binary star database contains data on about 100 000 stellar systems of multiplicity 2 to 22, taken from a large variety of published catalogues for all types of binary stars: visual, orbital, astrometric, interferometric, spectroscopic, photometric, eclipsing, etc. Positional, kinematic, photometric, spectroscopic, orbital and astrophysical parameters are provided when available. The database can be queried by identifier, coordinates, catalogue and stellar/orbital parameters (including binary type) of objects. Lists of objects can be submitted as well. Also, the database provides links to some other online services, both of general purpose and on binary stars. A pilot version of BDB can be accessed at http://bdb.inasan.ru
INTRODUCTION
Binary stars are very numerous: apparently more than a half of the Milky Way stars are not single ones, but belong to binary or multiple star systems. Our knowledge of accurate stellar masses, radii and other fundamental astrophysical parameters is based exclusively on data derived for some types of binary stars. Analysis of observational data for various types of binary stars allows us to obtain a general understanding of star formation processes and evolutionary scenario for binary as well as single stars.
Construction of catalogues / databases of binary stars has a long history. Compilations of data for binary stars have been published for visual (WDS, Washington Double Star catalogue, http://ad.usno.navy.mil/wds/), interferometric (INT4, http://ad.usno.navy.mil/wds/int4.html), eclipsing (CEV, Catalogue of Eclipsing Variables, Malkov et al. 2006) , spectroscopic (SB9, http://sb9.astro.ulb.ac.be/) and other types of binaries.
However, a comprehensive study of stellar populations should not be limited to a particular type of binary stars: e.g., to properly restore the star formation history, all types of binaries, from common proper motion pairs to close binaries with a degenerate component, should be analyzed. Also, a parametrization of components and orbits of binary stars cannot be limited to a particular type of observational data. Properties of components of eclipsing binaries can be derived only if radial velocity curves of the components are observed as well. To calculate masses of visual binary components, orbital parameters should be combined with photocentric-orbit observational data and system parallax. Components of a spectroscopic binary can be parametrized only if the pair is astrometrically or interferometrically resolved. Thus, existent data on different observational types of binaries, kept in various data centers / catalogues / databases scattered around the world, should be collected and united (or linked).
The widely used SIMBAD astronomical database provides basic data, crossidentifications and bibliography for astronomical objects outside the solar system. However, the SIMBAD and many other useful databases are oriented primarily to single objects. The list of basic data for binary stars contains additional parameters, such as semi-major axis and eccentricity. Also, cross-identification of components in multiple systems sometimes cannot be based just on coordinate matching, and needs more careful approaches. Therefore, a compilation of a database combining observational data and cross-identifications for all types of binaries is extremely worthwhile.
Initially, the Binary star database (BDB) was constructed in Besançon Observatory (http://bdb.obs-besancon.fr). It contained the CCDM and WDS1996 catalogues of visual binaries, a list of eclipsing binaries and three photometric (UBV, Stromgren, Geneva) catalogues. In 2008, it was decided to move BDB to the Institute of Astronomy (Moscow), where the database was significantly reconstructed and renovated. Main BDB objectives and ideas of BDB management were discussed in Malkov et al. (2009) .
The BDB scheme and BDB data sources are described in Sections 2 and 3, respectively. Usage of the BDB is discussed in Section 4. In Section 5, we mention our main lines of development for the database.
2. BDB SCHEME BDB stores all data from the original catalogues "as is", but some supplementary data is also generated, based on the catalogued content. This data is used mostly for search and cross-identification. There are several internal tables in the database, containing supplementary data: components The Pairs table contains data on pairs. Here pair is a specific pairing, usually pairs of single stars but sometimes higher-order pairings within hierarchical systems. Each record in this table holds information about the pair: relative coordinates (θ and ρ) with epoch of observation, period, semi-major axis, inclination, All of the records in the tables have one or more references in the ID's table. The ID's table contains identifiers (ID's) of systems, pairs and components. Each ID can be referenced by one or more entities because different catalogues can provide information about same pairs or components. Also, some additional references between ID's can be produced by cross-identification process.
Cross-identification in the BDB takes place in three stages. At the first stage, the cross-identification data, provided by the catalogue, are analyzed and references in the ID's table are created. At the second stage, all the components from the Components table that are close in their parameters are detected and cross-identification data are produced for them in a semi-manual manner. At the last stage, the cross-identification data for pairs are produced, based on crossidentification of the components.
BDB DATA SOURCES
The efficiency of a database strongly depends on the catalogues that are included into it. The list of catalogues to be integrated in the BDB was published by Malkov et al. (2011) . The catalogues are included "as is". We do not modify catalogued data without permission of the authors. The origin of information, presented as a result of a BDB query, is clearly indicated.
Some sources listed in Malkov et al. (2011) were recently substituted by modern versions, namely:
• (Gavras et al. 2010 ); • HIP binaries with radial velocities (Frankowski et al. 2007 ).
Spectroscopically detected
• Companions to close spectroscopic binaries (Tokovinin et al. 2006 ); • Close binary systems from SDSS DR4 (Silvestri et al. 2006 );
Other
• Multiplicity of contact binaries (Pribulla and Rucinski 2006) ; • Multiplicity among bright stellar systems (Eggleton and Tokovinin 2008) .
Beside these catalogues, the BDB provides links to external on-line data resources on binary stars of different observational types, particularly, to databases on visual binaries Binary stars are clearly indicated in the GCVS, while the other six catalogues listed above have no indication of objects' binarity.
To facilitate and fasten a query to the BDB, current versions of permanently updated databases / catalogues (e.g. WDS, GSVS) will be uploaded to the BDB from time to time.
The BDB will also provides links to general-purpose astronomical databases
• SIMBAD astronomical database (http://simbad.u-strasbg.fr/simbad/);
• The SAO/NASA Astrophysics Data System ADS (http://adsabs.harvard.edu/index.html).
USE OF BDB
The BDB can be accessed interactively on the site http://bdb.inasan.ru via a web interface. The main page offers forms for two types of queries: by identifier and by parameters.
Query by identifier allows a user to select identification system from the list (Name/Bayer/Flamsteed, HD, HIP, GCVS, DM, CCDM, WDS, ADS, IDS, SBC9, IGR) and enter the ID. While typing the ID, an interactive hint is displayed, allowing user to write only a part of the identifier for searching. The CDS service Sesame is used to resolve various stellar identifiers. After submitting the form, the main result page is displayed. This page contains fundamental parameters of the entities found by the query. For the components, pairs and system, all the parameters, held in the database are presented. Also, all of the components of the pair and all pairs of the system (if a pair or system was found by the query) are displayed. All displayed entities are grouped by systems and pairs. Also, an image containing graphical representation of the all objects found is displayed. On the image, components of visual binaries are represented by circles; spectroscopic binaries and hierarchical systems are shown as circles with two or more dots within. Clicking to the dots, circles or entity names, one can mark them for displaying. When one or more items are marked, the "Show catalogue data" button and data selection form, where catalogues for data extraction can be selected, will appear. Clicking the "Show catalogue data" button leads to displaying the page with raw data, extracted from selected catalogues.
Query by parameters allows a user to compile a list of binaries satisfying one or more conditions. One can make a query by coordinates, system type, catalogue name or other parameters of pairs (e.g., angular separation) and components (e.g., mass). Result of the query is listed in generally used formats HTML, ASCII, XML (VOTable).
CONCLUSIONS
The Binary star database (BDB) is an attempt to unite most of available catalogued data on all types of binary and multiple stars. The current BHB version (http://bdb.inasan.ru) contains astrometric, photometric, spectroscopic and other data (and links to external on-line services) on some 100 thousand systems, which can be queried by object name, coordinates and various criteria.
The BDB can serve as a database for deriving and combining empirical data for all types of binary/multiple systems, for determination of stellar and orbital pa-rameters and construction of fundamental relations between them throughout the entire stellar mass and orbital separation ranges, to study star-formation history of binary and single stars and to prepare future observing programs concerning various types of binaries.
Our plans of BDB development are as follows:
• continuous updating of the list of binary data sources to be included in the BDB, as well as of the list of external links;
• detection and correction of inconsistencies in identifiers and data (in collaboration with authors of original catalogues);
• improvement of the query results presentation;
• development of "Description", "Help", "Contact" and other supplementary sections of the BDB web-site;
• establishment of a BDB mirror in Besançon Observatory.
